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METHOD FOR REDUCING CODE SIZE OF A 
PROGRAM IN CODE MEMORY BY 

DYNAMICALLY STORING AN INSTRUCTION 
INTO A MEMORY LOCATION FOLLOWING 
A GROUP OF INSTRUCTIONS INDICATED 
BY AN OFFSET OPERAND AND EITHER A 
LENGTH OPERAND ORA BITMASK 

OPERAND OF AN ECHO INSTRUCTION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims the bene?t of Korean Patent Appli 
cation No. 10-2005-0088927 ?led on Sep. 23, 2005 in the 
Korean Intellectual Property Of?ce, the disclosure of Which is 
incorporated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates generally to a computer sys 

tem, and more particularly to a method of reducing code siZe 
of a program by controlling the control How of the program 
using software in a computer system including a micropro 
cessor and a memory. 

2. Description of the Related Art 
Portable devices or small-siZed electronic appliances used 

in the o?ice or at home, such as refrigerators, cleaners, print 
ers or ?ash memory cards, are equipped With middleWare that 
cooperates With a real time operating system in order to 
control devices installed in the electronic appliances, such as 
motors, in real time. Since electronic appliances are mass 
produced in a range of several millions to several billions per 
year, it is very important to reduce the manufacturing cost of 
the electronic appliances. A computer system that is installed 
in the electronic appliance in order to control the operation of 
the electronic appliance in real time may include a processor, 
a memory and a peripheral input/output device. Among the 
above components of the computer system, the memory, such 
as SRAM or DRAM, generally requires a relatively higher 
manufacturing cost. Therefore, it is necessary to reduce the 
siZe of a program in order to reduce the manufacturing cost of 
the memory. 

If the siZe of the program is reduced, the manufacturing 
cost of the memory Will also be reduced. This kind of gain 
may be realiZed When fabricating memory chips, Which are 
provided With a predetermined siZe corresponding to a mul 
tiple of 2, such as 256 KB, 1 MB, and 2 MB. For instance, 
When it is necessary to use a 2 MB memory chip for a program 
having a siZe of 1.2 MB, if it is possible to reduce the siZe of 
the program to a siZe less than or equal to 1 MB, a system can 
be established by using a 1 MB memory chip. If the siZe of the 
memory chip is reduced, the amount of poWer required for 
driving the memory can be reduced. In addition, if the siZe of 
the program is reduced, it is possible to operate the memory at 
a loWer poWer even if the siZe of the memory chip is not 
reduced, so that poWer consumption can be reduced. Such a 
characteristic of the loW-poWer operation is especially advan 
tageous When it is applied to mobile electronic appliances. 

In this regard, various conventional technologies have been 
suggested in order to minimiZe the siZe of various code. For 
example, a compression technique has been suggested, Which 
formats the program such that direct execution of the program 
is impossible, and a compaction technique, Which formats the 
program in the form of an executable program. The compres 
sion technique is classi?ed into a hardWare compression tech 
nique using a hardWare compressor and a hardWare restorer, 
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2 
and a softWare compression technique in Which compression 
and restoration are executed through softWare via a CPU. 
The hardWare compression technique can be implemented 

through various schemes. For instance, according to the hard 
Ware compression technique, data is compressed and stored 
in a main memory based on a line unit of an internal cache, 
and then the compressed data are released by a hardWare 
restorer When a corresponding compression cache line is 
accessed, thereby storing the released data in the internal 
cache. HoWever, although the hardWare compression tech 
nique can reduce the time required for data restoration, the 
manufacturing cost may be increased because it requires the 
hardWare restorer, so the hardWare compression technique 
may not be suitable for a computer system, Which is installed 
in the electronic appliance in order to control the operation of 
the electronic appliance in real time. 

According to the softWare compression technique, the 
main memory is divided into a compression area and a non 
compression area, and these areas are managed by the oper 
ating system. In detail, a memory manager of the operating 
system directly restores data, and stores the restored data in 
the non-compression area if the data requires a speci?c 
address or the data has a higher probability of use. At this 
time, if the siZe of the non-compression area is insuf?cient, 
some data stored in the non-compression area With a loWer 
probability of use is compressed and then stored in the com 
pression area. HoWever, although the softWare compression 
technique does not require additional hardWare, such as a 
compressor, a relatively long time is necessary to compress 
and restore the data because the softWare compression tech 
nique is sloWer than the hardWare compressor. In addition, the 
existing operating system must be modi?ed. Therefore, both 
the softWare compression technique and the hardWare com 
pression technique may not be suitable for the computer 
system embedded in the electronic appliance. 
Compaction techniques can be classi?ed into ISA (instruc 

tion set architecture) modi?cation schemes, and a program 
modi?cation schemes for modifying a program by using 
instructions. According to the ISA modi?cation scheme, 
instruction sets having different siZes, such as THUMB® (16 
bits) and ARM (32 bits) and MIPS l6 (16 bits) and MIPS14 
(l 4 bits), are de?ned so as to use the instruction sets according 
to applications. HoWever, the ISA modi?cation scheme 
requires a mass-storage processor, such as ARM or MIPS, 
and such a mass-storage processor is not suitable for some 
applications. The acronym “ARM” refers to “advanced RISC 
machine,” Where the acronym “RISC” refers to “reduced 
instruction set computing.” The acronym “MIPS” refers to 
“microprocessor Without interlocked pipeline stages.” 

In addition, according to the program modi?cation 
scheme, Which has been variously studied in the past ?ve 
years, the same or similar instructions in the program are 
combined into one instruction set, and a branch to neWly 
constructed areas is performed at all locations Where the 
instruction set exists. In detail, the program modi?cation 
scheme is based on procedural abstraction (PA) and cross 
jumping (CJ)/tail merging. According to PA, if there are N 
instructions, Which are similar or identical to each other, they 
are decomposed into one function, and a function call instruc 
tion is substituted for the N instructions. In particular, in C], 
if the last instruction of the instructions branches to the same 
location, the instructions are shifted into the start position of 
the branch point. 

In a case of an actual program, the order of the instructions 
may be changed or the register name may be partially incor 
rect. In this case, instruction reordering and register renaming 
schemes are utiliZed in order to replace similar instructions 
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With the same instructions. According to the test result, if the 
above schemes are applied at compile time, the code siZe can 
be reduced by 5% on average compared to its original siZe. In 
addition, if the above schemes are applied to a binary ?le after 
linking, the code siZe can be reduced by 30% on average 
compared to its original siZe. Since the binary ?le has all 
information related to the control How of the program, the 
code siZe can be effectively optimiZed. 

Since the iterative instructions are decomposed into the 
function, the program modi?cation scheme must use addi 
tional instructions in order to call and execute the function. In 
detail, a current return address must be stored in a stack When 
calling the function, and registers of the called function must 
be protected in the stack. In addition, the control How of the 
program must return to the original stage after the function 
has been executed. For this reason, an instruction “Sequential 
Echo <offset>,<length>” has been suggested in order to 
reduce the use of the additional instructions. 

The instruction “Sequential Echo <offset>,<length>” 
refers to executing a predetermined number (<length>) of 
instructions from the <offset> position. If this instruction is 
used, the control How of the program can return to the original 
stage after executing corresponding instructions. This can be 
implemented by modifying the ISA of the processor, the 
interpreter or the virtual machine, such as the Java Virtual 
Machine. In addition, an instruction “Bitmask Echo <offset>, 
<bitmask>” refers to executing the instructions from the <off 
set> position only When bits corresponding to the instructions 
are set to “l” in the “bitmask” of the instructions. Therefore, 
even if there are some different instructions among all the 

instructions, they may share the code of the program so that 
the size of the program can be signi?cantly reduced. Accord 
ing to the performance evaluation result, When the above 
scheme is utiliZed together With the conventional code opti 
miZation technique, the code siZe can be halved as compared 
With the conventional code compression technique. 

Although the siZe of the program can be reduced using the 
Echo instructions, it is necessary to modify the ISA of the 
microprocessor, in practice. This may require a change of 
hardWare, causing an increase in the development cost of the 
microcomputer system equipped in the electronic appliance. 
Accordingly, it is necessary to develop a method of support 
ing the instructions “Sequential Echo” and “Bitmask Echo” 
Without changing the hardWare. 

SUMMARY OF THE INVENTION 

Additional aspects, features, and/or advantages of the 
invention Will be set forth in part in the description Which 
folloWs and, in part, Will be apparent from the description, or 
may be learned by practice of the invention. 

Accordingly, the present invention solves the above-men 
tioned problems occurring in the prior art, and the present 
invention provides a method, apparatus, and medium for 
reducing the code siZe of a program by controlling the control 
How of the program using softWare in a computer system. 
An aspect of the present invention provides a method of 

reducing a siZe of a program in a code memory, the method 
including storing a ?rst memory address of a ?rst instruction 
in a ?rst buffer When a softWare interrupt occurs While the ?rst 
instruction having tWo operands including Offset and Length 
is being executed from among a plurality of instructions 
loaded in the code memory; changing the program counter 
register value to a second memory address Which is obtained 
by adding the Offset to the ?rst memory address; storing a 
second instruction, Which is located at a position shifted from 
the second memory address by a value of the Length, in a 
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4 
second buffer; replacing the second instruction With a third 
instruction, Which triggers a softWare interrupt; replacing the 
third instruction With the second instruction stored in the 
second buffer When a softWare interrupt occurs While the third 
instruction is being executed; and changing the current pro 
gram counter register value of the code memory to a prede 
termined memory address next to the ?rst memory address 
stored in the ?rst buffer. 
According to another aspect of the present invention, there 

is provided a method of reducing a siZe of a program in a code 
memory, the method including executing a ?rst instruction 
having tWo operands including Offset and Length and a sec 
ond instruction ordering a branch to a system function, from 
among a plurality of instructions loaded in the code memory; 
storing a ?rst memory address of the second instruction in a 
?rst buffer; changing the program counter register value to a 
second memory address Which is obtained by adding the 
Offset to the ?rst memory address; storing a third instruction, 
Which is located at a position shifted from the second memory 
address by a value of the Length, in a second buffer; replacing 
the third instruction With a fourth instruction ordering a 
branch to the system function; replacing the fourth instruction 
With the third instruction stored in the second buffer When the 
fourth instruction has been executed; and changing the cur 
rent program counter register value to a predetermined 
memory address next to the ?rst memory address stored in the 
?rst buffer. 

According to still another aspect of the present invention, 
there is provided a method of reducing a siZe of a program in 
a code memory, the method including copying instructions, 
Which are located betWeen a ?rst position indicated by Offset 
and a second position shifted from the ?rst position by a value 
of Length, in a temporary buffer When a softWare interrupt 
occurs While a ?rst instruction having tWo operands including 
the Offset and Length is being executed from among a plu 
rality of instructions loaded in the code memory; inserting a 
second instruction, Which orders a return to an instruction 
next to the ?rst instruction, into a location next to the instruc 
tions copied in the temporary buffer; executing the instruc 
tions copied in the temporary buffer; and returning to the 
instruction next to the ?rst instruction loaded in the code 
memory according to execution of the second instruction. 

According to still another aspect of the present invention, 
there is provided a method of reducing a siZe of a program in 
a code memory, including copying instructions, Which are 
represented as iterative instructions, in a temporary buffer 
When a softWare interrupt occurs While a ?rst instruction, 
among a plurality of instructions loaded in the code memory, 
is being executed; inserting a second instruction, Which 
orders a return to an instruction next to the ?rst instruction, 
into a location next to the instructions copied in the temporary 
buffer; executing the instructions copied in the temporary 
buffer; and returning to the instruction next to the ?rst instruc 
tion loaded in the code memory according to execution of the 
second instruction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and/or other aspects, features, and advantages of the 
invention Will become apparent and more readily appreciated 
from the folloWing description of exemplary embodiments, 
taken in conjunction With the accompanying draWings of 
Which: 

FIG. 1 is a vieW schematically shoWing a computer system 
used for implementing the present invention; 

FIG. 2 is a vieW shoWing a format of an instruction 
executed in a memory by a microprocessor; 
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FIG. 3 is a vieW showing a structure of a code memory 
having iterative sections; 

FIG. 4 is a vieW showing a structure of a code memory 
according to a ?rst exemplary embodiment of the present 
invention; 

FIG. 5 is a vieW shoWing a structure of a code memory 
according to a second exemplary embodiment of the present 
invention; 

FIG. 6 is a vieW shoWing a structure of a code memory 
according to a third exemplary embodiment of the present 
invention; 

FIG. 7 is a vieW shoWing a structure of a code memory 
having some iterative sections; 

FIG. 8 is a vieW shoWing a structure of a code memory 
according to a fourth exemplary embodiment of the present 
invention; 

FIG. 9 is a vieW shoWing a structure of a code memory 
according to a ?fth exemplary embodiment of the present 
invention; and 

FIG. 10 is a vieW shoWing a structure of a code memory 
according to a sixth exemplary embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Reference Will noW be made in detail to exemplary 
embodiments of the present invention, examples of Which are 
illustrated in the accompanying draWings, Wherein like ref 
erence numerals refer to the like elements throughout. Exem 
plary embodiments are described beloW to explain the present 
invention by referring to the ?gures. 

The matters de?ned in the detailed description such as the 
detailed construction and elements are provided to assist in a 
comprehensive understanding of the invention. Thus, it 
should be apparent that the present invention can be carried 
out Without these details. In the folloWing description of the 
present invention, the same draWing reference numerals are 
used for the same elements across in different draWings.Also, 
a detailed description of knoWn functions and con?gurations 
incorporated herein Will be omitted When it may make the 
subject matter of the present invention unclear. 

Hereinafter, exemplary embodiment of the present inven 
tion Will be described With reference to the accompanying 
draWings. 

FIG. 1 schematically shoWs a computer system 30 used for 
realiZing the present invention. The computer system 30 
includes a microprocessor 11, a system bus 39, and a memory 
including a RAM 20 and a ROM 13 connected to the micro 
processor 11 through the system bus 39. The RAM 20 and 
ROM 13 are examples. The memory may include other stor 
age media. The computer system 30 can be used as a control 
system of a household electronic appliance and a mobile 
appliance, such as a mobile phone or a personal digital assis 
tant (PDA). 

In addition, a BIOS (basic input/output system) is stored in 
the ROM 13. The BIOS is a memory including a basic routine 
for transferring information, such as start-up, betWeen com 
ponents in the computer system 30. The computer system 30 
also includes a hard disc drive (HDD) 31 and an optical disc 
drive (ODD) 32 for reading information from an optical disc 
33 or reading/recording information from/to other optical 
media. The HDD 31 and the ODD 32 are connected to the 
system bus 39 through a hard disc interface 14 and an optical 
drive interface 15, respectively. The above drives and a com 
puter-readable recording medium cooperating With the drives 
may provide a non-volatile storage medium in the computer 
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6 
system 30. Although the computer-readable recording 
medium is described With reference to the hard disc and the 
optical disc, those skilled in the art Will appreciate that other 
computer-readable recording media, such as a magnetic cas 
sette, a ?ash memory card, or a digital video disc (DVD), can 
also be used in the present invention. 
A plurality of program modules including an operating 

system 21, at least one application program 22, a program 
module 23, and a library 24 can be stored in the HDD 31, the 
RAM 20, or the ROM 13. 
A user can input commands and information to the com 

puter system 30 using pointing devices, such as a keyboard 35 
and a mouse 34. Other input devices, such as a microphone, a 
joystick, a game pad, and a scanner can also be used. The 
above input devices are generally connected to the micropro 
cessor 11 through a serial port interface 16, Which is con 
nected to the system bus. HoWever, it is also possible to 
connect the above input devices to the microprocessor 11 
through other interfaces, such as a game port or a universal 
serial bus (U SB). In addition, various display devices includ 
ing a monitor 29 are connected to the system bus 39 through 
an interface including a video adapter 12. The computer sys 
tem 30 may include other peripheral output devices (not 
shoWn), such as a speaker or a printer, in addition to the 
monitor 29. 
The computer system 30 can be used in speci?c netWork 

environment employing logical connections With respect to at 
least one remote computer, such as a remote computer server 

19. The remote computer server 19 may include a server, a 
router, a peer device or a common netWork node. Although 
the remote computer server 19 includes all or almost all of the 
above components that have been described in relation to the 
computer system 30, a memory storage unit 36 is shoWn only 
for illustrative purposes. 
The logical connections include a local area netWork 

(LAN) 37 and a Wide area netWork (WAN) 38. Such a net 
Work environment is typically adopted in an o?ice, an enter 
prise-Wide computer netWork, an Intranet, and the Internet. 
When the computer system 30 is used in a LAN, it accesses 

the LAN 37 via the netWork interface 17. In addition, When 
the computer system 30 is used in a WAN, it generally 
includes a modem 18 or other units, Which enable communi 
cation through the WAN 38, such as the Internet. The modem 
18, Which can be installed in the computer or connected to the 
computer system 30, is connected to the system bus 39 
through the serial port interface 16. HoWever, such netWork 
access is only illustrative, and other devices can be used to 
provide communication links betWeen computers. 
As described above, the computer system according to the 

present invention includes at least the microprocessor 11 and 
the memory. The microprocessor 11 has a branch instruction 
in order to hand over the execution authority for the instruc 
tion to the operating system 21 under the speci?c condition. 
The memory includes RAM 20, Which can be Written to, and 
ROM 13, Which cannot be Written to. 
Under the above netWork environment, according to the 

present invention, the control of the microprocessor 11 
branches to a speci?c location (for example, a location Where 
the operating system is to be loaded from) in the memory 13 
or 20 in order to execute a predetermined number of instruc 
tions, and then returns to the original stage While using only 
general instructions of the microprocessor 11 (Echo func 
tion). In addition, according to the present invention, the 
control of the microprocessor 11 branches to the speci?c 
location in the memory 13 or 20 so as to selectively execute 
instructions based on the Bitmask and then returns to the 

original stage (Bitmask Echo function). Therefore, it is pos 
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sible to effectively reduce the siZe of the program Without 
modifying existing hardware or providing separate hardWare. 

FIG. 2 shows a format of an instruction executed in the 
memory by the microprocessor 11. The instruction 50 
includes an Opcode 51 representing the type of operating 
commands and at least one Operand 52 and 53. A register 
called a “PC” (program counter) is used in order to store a ?rst 
byte corresponding to a location of the currently executed 
instruction 50 in the code memory. The code memory refers to 
an area allocated in the memory, such as the RAM 20 or the 
ROM 13, for alloWing the microprocessor 11 to execute 
codes. 

If the microprocessor 11 is given an “invoke” command 
While executing a predetermined Opcode, the microprocessor 
11 stores the PC of the current frame in a system stack, and 
creates a neW frame. Then, a start address of a method to be 
neWly executed is set as a neW PC value. 

For instance, if there is an instruction “mov <ax>, 
<l234H>” in a predetermined location of the code memory, 
the microprocessor 11 reads the Opcode (mov) and the Oper 
and (ax, 1234H) of the instruction and then stores a 16 bit 
value 1234H in a 16 bit register called “ax”. 

FIG. 3 is a vieW shoWing the structure of a code memory 60 
having iterative sections. A plurality of instructions 55 are 
stacked in the code memory 60, and the microprocessor 11 
sequentially executes the instructions 55 from the uppermost 
instruction to the loWermost instruction. 

If instruction sets 61a and 61b marked With a shadoW 
(shading) in FIG. 3 are identical to each other, memory is 
Wasted by an amount corresponding to the siZe of the iterative 
instructions. Such an inef?cient usage of the memory may 
become a serious problem in cases of household electronic 
appliances or portable devices having limited memory. 
According to the present invention, the iterative instruction 
sets 61a and 61b include at least one instruction. 

Therefore, if the program consists of instructions having 
the structure as shoWn in FIG. 3, it is necessary to remove one 
of the iterative instruction sets 61a and 61b While alloWing the 
microprocessor 11 to execute the same instructions. HoW 
ever, in order to alloW the microprocessor 11 to directly 
recogniZe the instruction, such as the “Echo” instruction 
enabling the above function, hardWare must be changed. The 
present invention provides six exemplary embodiments 
capable of achieving the above function using softWare. 

Exemplary Embodiment 1 

FIG. 4 is a vieW shoWing a structure of a code memory 70 
according to a ?rst exemplary embodiment of the present 
invention. Different from the code memory 60 shoWn in FIG. 
3, the code memory 70 shoWn in FIG. 4 has a compacted 
structure having no iterative instruction sets. In particular, the 
?rst instruction set 6111 shoWn in FIG. 3 is removed and an 
“Echo” instruction 71 is added thereto. In addition, an origi 
nal instruction located next to the second instruction set 61b 
is replaced With a predetermined instruction 72, and the pre 
determined instruction 72 is again replaced With the original 
instruction later. 

The instruction 71 “Echo <Offset>, <Length>” is located 
at the fourth position of the code memory 70, that is, the ?rst 
position of the instruction set 6111 shoWn in FIG. 3. The 
microprocessor 11 cannot recogniZe the “Echo” instruction 
71. For this reason, an error may occur When executing the 
“Echo” instruction 71 caused by an unde?ned instruction, so 
that an exception handling process is performed. Here, a 
current program count of the code memory 70 is PC1. 
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8 
If the microprocessor 11 sends information about the 

instruction 71 causing the error to the operating system 21, 
the operating system 21 con?rms that the Opcode of the 
instruction 71 is “Echo”, thereby performing the exception 
handling process according to the present invention. At this 
time, the operating system 21 reads the current program count 
(PC1) of the instruction 71 and stores it in a predetermined 
?rst buffer. In addition, the operating system 21 determines 
that there is an instruction set 61b to be iteratively executed 
betWeen a ?rst position shifted from the PC1 by a value of 
<Offset> and a second position shifted from the ?rst position 
by a value of <Length>. 

Accordingly, the operating system 21 replaces an instruc 
tion located next to the instruction set 61b With a predeter 
mined instruction 72, Which is not recogniZed by the micro 
processor 11. In addition, the operating system 21 stores an 
instruction, Which is originally located in the position next to 
the instruction set 61b, in a predetermined second buffer. The 
?rst and second buffers may be speci?c memory areas orpar‘ts 
of the code memory 70. The predetermined instruction 72 
may be the “Echo” instruction 71 or other instructions, Which 
are not recogniZed by the microprocessor 11. 

In addition, the operating system 21 increases the PC of the 
code memory 70 by a value of <Offset> from the PC1 (that is, 
PC2:PC1+Offset) and hands over the instruction execution 
authority to the microprocessor 11 in response to the return 
command. 

Then, if the microprocessor 11 con?rms that the current 
program count is PC2, the microprocessor 11 sequentially 
executes the instructions from the ?rst instruction of the 
instruction set 61b. HoWever, When the microprocessor 11 
executes the instruction 72, Which is not recognized by the 
microprocessor 11, the error may occur again. 

In this case, the operating system 21 receives the instruc 
tion 72 from the microprocessor 11 in order to perform the 
exception handling. At this time, the current program count of 
the code memory 70 is PC3. Upon receiving the instruction 72 
from the microprocessor 11, the operating system 21 deter 
mines that the instruction 72 is one added by the operating 
system 21, so the operating system 21 replaces the instruction 
72 With the original instruction stored in the second buffer. 

In addition, the operating system 21 changes the current PC 
of the code memory 70 to the PC, Which is obtained by adding 
1 unit to the PC1 stored in the ?rst buffer. That is, the oper 
ating system 21 changes the current PC of the code memory 
70 to the PC next to the PC1. The 1 unit refers to the difference 
of the PC betWeen adjacent instructions of the code memory 
70 and generally consists of 4 bits although it may vary 
depending on the type of the code memory 70. Then, the 
operating system 21 hands over the instruction execution 
authority to the microprocessor 11 in response to the return 
command. 

Then, if the microprocessor 11 con?rms that the current 
program count is (PC1+1 unit), the microprocessor 11 
executes the corresponding instruction 73 and other instruc 
tions located beloW the instruction 73. As a result, the number 
of the instructions included in the code memory 70 can be 
reduced even though the execution procedure for the instruc 
tions is not changed from the execution procedure shoWn in 
FIG. 3. 

Exemplary Embodiment 2 

FIG. 5 is a vieW shoWing a structure of a code memory 80 
according to a second exemplary embodiment of the present 
invention. Different from the ?rst exemplary embodiment of 
the present invention in Which the additional cost may occur 
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because several cycles are added to the control How of the 
microprocessor 11 due to the exception handling process, the 
second exemplary embodiment of the present invention may 
not cause the additional cost by removing the exception han 
dling process. 
As shoWn in FIG. 5, although the error may occur When the 

microprocessor 11 executes the Echo instruction 71, the 
microprocessor 11 executes a “Branch” instruction 81 With 
out performing the exception handling procedure. The 
“Branch” instruction 81 represents the branch to the ?rst 
system function, Which has been previously de?ned. 
The ?rst system function is de?ned in such a manner that 

the ?rst system function can perform the procedure similar to 
the exception handling procedure executed by the operating 
system 21 in the ?rst exemplary embodiment. In detail, the 
microprocessor 11 reads PC4 and stores it in the ?rst buffer. 
Then, the microprocessor 11 increases the current PC of the 
code memory 80 by a value of <Offset> from the PC4 (that is, 
PC5:PC4+Offset) and stores an instruction located next to 
the instruction set 61b in a second buffer. At this time, the 
instruction located next to the instruction set 61b is replaced 
With the “Branch” instruction 82. 

Then, after sequentially executing the instruction set 61b 
and the “Branch” instruction 82, the control of the micropro 
cessor 11 branches to a second system function. The second 
system function changes the current PC (PC6) into the PC 
(PC4+1 unit) indicating an instruction 73 located next to the 
“Branch” instruction 81. At this time, the PC 4 can be 
obtained from the ?rst buffer. In addition, the second system 
function replaces the “Branch” instruction 82 With the origi 
nal instruction stored in the second buffer. 

Thus, the microprocessor 11 sequentially executes the 
instruction 73 indicated by the PC (PC4+1 unit) and the 
instructions located doWnWard from the instruction 73. 

In this manner, if the “Branch” instructions and the system 
functions are employed, the exception handling process, 
Which occur tWo times for one Echo command, can be 
removed. HoWever, the ?rst exemplary embodiment may be 
advantageous than the second exemplary embodiment in 
vieW of e?iciency of the memory because the second exem 
plary embodiment further employs the “Branch” instruction 
81. 

Exemplary Embodiment 3 

FIG. 6 is a vieW shoWing a structure of a code memory 90 
according to a third exemplary embodiment of the present 
invention. As shoWn in FIG. 6, the third exemplary embodi 
ment of the present invention is partially modi?ed from the 
?rst and second exemplary embodiments of the present inven 
tion. According to the third exemplary embodiment of the 
present invention, the branch instructions may not be modi 
?ed by an exception handling unit of the operating system 21 
or a system function, Which has been previously de?ned. 
Instead, the instructions to be executed are stored in a tem 
porary buffer 99 provided in the code memory 90 and then the 
instructions are executed after changing the addresses of the 
instructions corresponding to the positions of the instructions 
in the temporary buffer 99. The third exemplary embodiment 
of the present invention may be ef?ciently used When the 
original program includes a memory, such as the ROM 13, 
Which cannot be corrected during execution. 

If the microprocessor 11 meets the Echo instruction 71, 
instructions located betWeen a ?rst position shifted from the 
current PC by a value of <Offset> of the Echo instruction 71 
and a second position shifted from the ?rst position by a value 
of <Length>, that is, the instruction set 61b is copied in the 
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10 
temporary buffer 99. After that, the microprocessor 11 
sequentially executes the instructions stacked in the tempo 
rary buffer 99. An instruction 91 located next to the instruc 
tion set 61b is used for alloWing the control How to return to 
an instruction 73 located next to the Echo instruction 71 in the 
code memory 90. Then, the microprocessor 11 executes the 
instruction 73 and instructions located doWnWard from the 
instruction 73. 

In this manner, the third exemplary embodiment of the 
present invention employs the temporary buffer 99 for tem 
porarily Writing and erasing data When executing the instruc 
tions in the non-Writable code memory 90, so that the third 
exemplary embodiment of the present invention can achieve 
advantageous effects similar to those of the ?rst and second 
exemplary embodiments of the present invention. 

Description has been made in relation to the ?rst to third 
exemplary embodiments of the present invention employing 
general Echo instructions. Hereinafter, exemplary embodi 
ments employing the Bitmask Echo instruction Will be 
described. The general Echo instruction is applicable When a 
predetermined number of instruction sets are completely 
identical to each other. HoWever, in practice, it may happen 
that only some instructions are iteratively located. The Bit 
mask Echo instruction has been suggested in order to com 
pact the code using the microprocessor When there are 
instruction sets having partially iterative instructions. 

If a code memory 100 has a structure as shoWn in FIG. 7, 
instruction sets 101a and 101b, Which are partially iterative 
With each other, are involved in the code memory 1 00. That is, 
although the instruction sets 101a and 101b commonly have 
instructions 1, 3, 5 and 6, instructions 2 and 4 are exclusively 
provided in the instruction set 101b. 

Exemplary Embodiment 4 

The fourth exemplary embodiment of the present invention 
corresponds to the ?rst exemplary embodiment of the present 
invention and a structure of a code memory 110 according to 
the fourth exemplary embodiment of the present invention is 
shoWn in FIG. 8. Different from the ?rst exemplary embodi 
ment of the present invention, the fourth exemplary embodi 
ment of the present invention uses a Bitmask Echo instruction 
101 including an Operand <Bitmask> instead of <Length>. 
When the microprocessor 11 executes the Bitmask Echo 

instruction 101, an error may occur caused by the unde?ned 
instruction, so that an exception handling process must be 
performed. At this time, a current program count of the code 
memory 110 is PC1. 

If the microprocessor 11 sends information about the 
instruction 101 causing the error to the operating system 21, 
the operating system 21 con?rms that the Opcode of the 
instruction 101 is “Echo”, so the operating system 21 per 
forms the exception handling process according to the present 
invention. 
At this time, the operating system 21 reads the current 

program count (PC1) of the instruction 101 and stores it in a 
predetermined ?rst buffer. In addition, the operating system 
21 can determine that there is an iterative instruction set 1010 
at a position (PC2) shifted from the PC1 by a value of <Off 
set>. 

The operating system 21 can ?nd iterative instructions 
from the instruction set 1010 by reading <Bitmask>. In the 
case of FIG. 8, for example, <Bitmask> can be represented 
With a binary number “1 10101”. Here, the siZe of <Bitmask> 
corresponds to the cipher of the binary number, that is, the 
siZe of <Bitmask> is 6. In addition, “1” represents that there 
is an iterative instruction and “0” represents that there is no 
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iterative instruction. Although the above binary number is 
arranged in the reverse order, in Which the least signi?cant bit 
represents the execution of the ?rst instruction, it is also 
possible to arrange the binary number in the forward order. If 
the operating system 21 reads the <Bitmask> in the reverse 
direction, the operating system 21 can ?nd that the second and 
fourth instructions are non-iterative instructions. 

Accordingly, the operating system 21 stores the second and 
fourth instructions in a predetermined second buffer, and 
replaces the instructions 104 and 105 With an instruction 
“nop”, Which refers to no operation. After that, similar to the 
?rst exemplary embodiment of the present invention, the 
operating system 21 replaces an instruction located next to the 
instruction set 1011) With a predetermined instruction 102, 
Which is not recogniZed by the microprocessor 11. In addi 
tion, the operating system 21 stores the instruction, Which is 
originally located next to the instruction set 61b, in a prede 
termined third buffer. 

Then, the operating system 21 increases the PC of the code 
memory 110 by the siZe of the Bitmask from the PC1 (that is, 
PC2:PC1+Bitmask siZe><1 unit) and hands over the instruc 
tion execution authority to the microprocessor 11 in response 
to the return command. 

Then, if the microprocessor 11 con?rms that the current 
program count is PC2, the microprocessor 11 sequentially 
executes the instructions from the ?rst instruction of the 
instruction set 1010. If the microprocessor 11 meets the “nop” 
instruction 104 or 105, the microprocessor 11 simply 
executes an instruction located next to the “nop” instruction 
104 or 105. HoWever, When the microprocessor 11 executes 
the instruction 102 after executing the instruction set 1010, 
the error may occur again. 

In this case, the operating system 21 receives the instruc 
tion 102 from the microprocessor 11 in order to perform the 
exception handling. At this time, the current program count of 
the code memory 70 is PC3. Upon receiving the instruction 
102 from the microprocessor 11, the operating system 21 
replaces the “nop” instructions 104 and 105 With the instruc 
tions corresponding to the digit “0” in the Bitmask, that is 
replaces the “nop” instructions 104 and 105 With the instruc 
tions stored in the second buffer. Thus, the second and third 
instructions of the instruction set 1010 are restored. Also, the 
operating system 21 replaces the instruction 102 causing the 
error With the original instruction stored in the third buffer. 

In addition, the operating system 21 changes the current PC 
of the code memory 110 to the PC, Which is achieved by 
adding 1 unit to the PC1 stored in the ?rst buffer. Then, the 
operating system 21 hands over the instruction execution 
authority to the microprocessor 11 in response to the return 
command. 

If the microprocessor 11 con?rms that the current program 
count is (PC1+1 unit), the microprocessor 11 executes the 
corresponding instruction 103 and other instructions located 
doWnWard from the instruction 1 03. As a result, the number of 
the instructions included in the code memory 110 can be 
reduced even though the execution procedure for the instruc 
tions is not changed from the execution procedure shoWn in 
FIG. 7. 

Exemplary Embodiment 5 

The ?fth exemplary embodiment of the present invention 
corresponds to the second exemplary embodiment of the 
present invention and a structure of a code memory 120 
according to the ?fth exemplary embodiment of the present 
invention is shoWn in FIG. 9. The ?fth exemplary embodi 
ment of the present invention is substantially similar to the 
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fourth exemplary embodiment of the present invention, so it 
Will not be further described beloW in order to avoid redun 
dancy. HoWever, it should be noted that the ?fth exemplary 
embodiment of the present invention is different from the 
fourth exemplary embodiment of the present invention in that 
the control of the microprocessor 11 branches to the system 
function from the instruction of the code memory 110 by 
system branch instructions (Branch to) 81 and 82, instead of 
performing the exception handling using the operating sys 
tem 21. 

Exemplary Embodiment 6 

The sixth exemplary embodiment of the present invention 
corresponds to the third exemplary embodiment of the 
present invention and a structure of a code memory 130 
according to the sixth exemplary embodiment of the present 
invention is shoWn in FIG. 10. According to the sixth exem 
plary embodiment of the present invention, the instructions to 
be executed are stored in a temporary buffer 139 provided in 
the code memory 13 and then the instructions are executed 
after changing the addresses of the instructions correspond 
ing to the positions of the instructions in the temporary buffer 
139. The sixth exemplary embodiment of the present inven 
tion may be e?iciently used When the original program 
includes a memory, such as the ROM 13, Which cannot be 
corrected. 

If the microprocessor 11 meets the Echo instruction 101, 
instructions located doWnWard from a position shifted from 
the current PC by a value of <Bitmask>, that is, an instruction 
group 10111 is copied in the temporary buffer 139. The 
instruction group 101a consists of iterative instructions 
selected from an instruction set 1011) based on <Bitmask>. If 
the <Bitmask> represents “1 10101 ”, instructions 1, 3, 5 and 6 
are iterative instructions and instructions 2 and 4 are non 
iterative instructions. 

After that, the microprocessor 11 sequentially executes the 
instructions stacked in the temporary buffer 139. An instruc 
tion 131 located next to the instruction set 1011) is used for 
alloWing the control How to return to an instruction located 
next to the Echo instruction 101, Which is lastly executed in 
the code memory 130. Then, the microprocessor 11 executes 
the instruction 103 and instructions located doWnWard from 
the instruction 103. 

In this manner, the sixth exemplary embodiment of the 
present invention employs the temporary buffer 139 for tem 
porarily Writing and erasing data When executing the instruc 
tions in the non-Writable code memory 130, so that the sixth 
exemplary embodiment of the present invention can achieve 
advantageous effects similar to those of the fourth and ?fth 
exemplary embodiments of the present invention. 

Although the present invention can effectively reduce the 
siZe of the program, the execution speed of the program may 
be loWered by several cycles Whenever using the program. 
HoWever, such a problem can be solved through pro?ling 
used in the complier optimization scheme. In detail, after 
classifying program codes into frequently executed codes and 
rarely executed codes, if the present invention is exclusively 
applied to the rarely executed codes, the siZe of the program 
can be signi?cantly reduced Without degrading the execution 
speed of the program. 
According to the present invention, the siZe of the program 

executed in the code memory can be signi?cantly reduced, so 
that memory having various speci?cations can be used in the 
computer system. 

In addition, the present invention can reduce the amount of 
used memory, thereby reducing the poWer consumption. 
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Although a feW exemplary embodiments of the present 
invention have been shown and described, it Would be appre 
ciated by those skilled in the art that changes may be made in 
these exemplary embodiments Without departing from the 
principles and spirit of the invention, the scope of Which is 
de?ned in the claims and their equivalents. 
What is claimed is: 
1. A method of reducing the siZe of a program in a code 

memory, comprising: 
(a) storing a ?rst program count of a ?rst instruction in a 

?rst buffer When an error occurs While the ?rst instruc 
tion having an opcode, offset operand and length oper 
and is being executed among a plurality of instructions 
loaded in the code memory; 

(b) changing a current program count of the code memory 
to a second program count Which is obtained by adding 
the offset operand to the ?rst program count; 

(c) storing a second instruction, Which is located at a posi 
tion a value of the length operand from the second pro 
gram count in the code memory, in a second buffer; 

(d) replacing the second instruction in the code memory 
With a third instruction, Which is not recogniZed by a 
microprocessor as an instruction in the microprocessor 
instruction set; 

(e) sequentially executing instructions beginning With an 
instruction corresponding to the second program count; 

(f) replacing the third instruction in the code memory With 
the second instruction stored in the second buffer When 
an error occurs While the third instruction is being 

executed; and 
(g) changing a current program count of the code memory 

to a program count of the code memory, Which is 
obtained by adding one unit to the ?rst program count 
stored in the ?rst buffer. 

2. The method of claim 1, Wherein the ?rst instruction is an 
echo instruction having the opcode, offset operand, and 
length operand. 

3. The method of claim 1, Wherein the program count of the 
code memory, Which is obtained by adding one unit to the ?rst 
program count stored in the ?rst buffer, is larger in value than 
the ?rst program count by four. 

4. The method of claim 1, Wherein (a), (b), (c), (d), (f), and 
(g) are performed by an operating system and (e) is performed 
by the microprocessor. 

5. The method of claim 4, further comprising handing over 
an instruction execution authority from the operating system 
to the microprocessor in response to a return command, 
betWeen (d) and (e). 

6. A method of reducing a siZe of a program in a code 
memory, comprising: 

(a) executing a ?rst instruction having an opcode, offset 
operand, and length operand and a second instruction 
ordering a branch to a system function, among a plural 
ity of instructions loaded in the code memory; 

(b) storing a ?rst program count of the second instruction in 
a ?rst buffer; 

(c) changing a current program count of the code memory 
to a second program count Which is obtained by adding 
the offset operand to the ?rst program count; 

(d) storing a third instruction, Which is located at a position 
a value of the length operand from the second program 
count in the code memory, in a second buffer; 

(e) sequentially executing instructions beginning With an 
instruction corresponding to the second program count; 

(f) replacing the third instruction in the code memory With 
a fourth instruction ordering a branch to the system 

function; 
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(g) replacing the fourth instruction in the code memory 

With the third instruction stored in the second buffer after 
the fourth instruction has been executed; and 

(h) changing a current program count of the code memory 
to a program count of the code memory, Which is 
obtained by adding one unit to the ?rst program count 
stored in the ?rst buffer. 

7. The method of claim 6, Wherein (b), (c), (d), (f), (g), and 
(h) are performed by the system function and (e) is performed 
by a microprocessor. 

8. The method of claim 6, Wherein the ?rst instruction is an 
echo instruction having the opcode, offset operand, and 
length operand. 

9. A method of reducing a siZe of a program in a code 
memory, comprising: 

(a) copying instructions, Which are located betWeen a ?rst 
position indicated by an offset and a second position 
Which is a value of length from the ?rst position in code 
memory, in a temporary buffer When an error occurs 
While a ?rst instruction having an opcode, offset operand 
indicating the offset, and length operand indicating the 
value of length is being executed among a plurality of 
instructions loaded in the code memory; 

(b) inserting a second instruction, Which orders a return to 
an instruction immediately folloWing the ?rst instruc 
tion in the code memory, into a location in the temporary 
buffer immediately folloWing the instructions copied in 
the temporary buffer; 

(c) executing the instructions copied in the temporary 
buffer; and 

(d) returning to the instruction in the code memory imme 
diately folloWing the ?rst instruction loaded in the code 
memory according to execution of the second instruc 
tion. 

10. The method of claim 9, Wherein the code memory 
comprises instruction sets, Which have been previously 
recorded in a read only memory (ROM). 

11. The method of claim 10, Wherein the temporary buffer 
includes a non-volatile memory. 

12. The method of claim 9, Wherein the ?rst instruction is 
an echo instruction having the opcode, the offset operand, and 
the length operand. 

13. A method of reducing a siZe of a program in a code 
memory, comprising: 

(a) storing a ?rst program count of a ?rst instruction in a 
?rst buffer When an error occurs While the ?rst instruc 
tion having an opcode, offset operand, and bitmask oper 
and is being executed among a plurality of instructions 
loaded in the code memory; 

(b) changing a current program count of the code memory 
to a second program count Which is obtained by adding 
the offset operand to the ?rst program count; 

(c) storing an instruction, Which is represented as a non 
iterative instruction by the bitmask operand, in a second 
buffer and replacing the non-iterative instruction With a 
“no operation” instruction in the code memory; 

(d) storing a second instruction, Which is located at a posi 
tion a siZe of the bitmask operand from the second pro 
gram count in the code memory, in the second buffer and 
replacing the second instruction in the code memory 
With a third instruction, Which is not recogniZed by a 
microprocessor as an instruction in the microprocessor 
instruction set; 

(e) replacing the “no operation” instruction in the code 
memory With the instruction stored in the second buffer 
When an error occurs While the third instruction is being 
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executed and replacing the third instruction in the code 
memory With the second instruction; and 

(f) changing a current program count of the code memory 
to a program count of the code memory, Which is 
obtained by adding one unit to the ?rst program count 
stored in the ?rst buffer. 

14. The method of claim 13, Wherein the bitmask operand 
consists of a string of 1 bit digits representing the value of the 
bitmask operand. 

15. The method of claim 14, Wherein each 1 bit digit of the 
string represents Whether an instruction is an iterative instruc 
tion in a reverse order. 

16. The method of claim 13, Wherein the ?rst instruction is 
a bitmask echo instruction having the opcode, the offset oper 
and, and the bitmask operand. 

17. The method of claim 13, Wherein (a) to (f) are per 
formed by an operating system. 

18. A method of reducing a siZe of a program in a code 
memory, comprising: 

(a) executing a ?rst instruction having an opcode, offset 
operand, and bitmask operand, and a second instruction 
ordering a branch to a system function, among a plural 
ity of instructions loaded in the code memory; 

(b) storing a ?rst program count of the second instruction in 
a ?rst buffer; 

(c) changing a current program count of the code memory 
to a second program count Which is obtained by adding 
the offset operand to the ?rst program count; 

(d) storing an instruction, Which is represented as a non 
iterative instruction by the bitmask operand, in a second 
buffer, and replacing the non-iterative instruction in the 
code memory With a “no operation” instruction; 

(e) storing a third instruction, Which is located at a position 
a siZe of the bitmask operand from the second program 
count in the code memory, in a second buffer and replac 
ing the third instruction in the code memory With a 
fourth instruction ordering a branch to the system func 
tion; 

(f) replacing the “no operation” instruction in the code 
memory With the instruction stored in the second buffer 
after the fourth instruction is executed and replacing the 
fourth instruction in the code memory With the third 
instruction; and 
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(g) changing a current program count of the code memory 

to a program count of the code memory, Which is 
obtained by adding one unit to the ?rst program count 
stored in the ?rst buffer. 

19. The method of claim 18, Wherein the bitmask operand 
consists of string of 1 bit digits representing the value of the 
bitmask operand. 

20. The method of claim 18, Wherein the ?rst instruction is 
a bitmask echo instruction having the opcode, offset operand, 
and bitmask operand. 

21. The method of claim 18, Wherein (b) to (g) are per 
formed by the system function. 

22. A method of reducing a siZe of a program in a code 
memory, comprising: 

(a) copying instructions, Which are represented as iterative 
instructions by a bitmask and are located using an offset, 
in a temporary buffer When an error occurs While a ?rst 

instruction, having an opcode, offset operand indicating 
the offset, and bitmask operand indicating the bitmask, 
is being executed among a plurality of instructions 
loaded in the code memory; 

(b) inserting a second instruction, Which orders a return to 
an instruction immediately folloWing the ?rst instruc 
tion in the code memory, into a location immediately 
folloWing the instructions copied in the temporary 
buffer; 

(c) executing the instructions copied in the temporary 
buffer; and 

(d) returning to the instruction of the code memory, Which 
immediately folloWs the ?rst instruction loaded in the 
code memory according to execution of the second 
instruction. 

23. The method of claim 22, Wherein the bitmask operand 
consists of a string of 1 bit digits. 

24. The method of claim 22, Wherein the code memory 
includes instruction sets, Which have been previously 
recorded in a read only memory (ROM). 

25. The method of claim 22, Wherein the temporary buffer 
includes a non-volatile memory. 

26. The method of claim 22, Wherein the ?rst instruction is 
a bitmask echo instruction having the opcode, offset operand, 
and bitmask operand. 


